kawachii are very limited due to non availability of auxotroph.
In general, it is hard to accomplish the gene targeting using a homologous recombination system in filamentous fungi. This is associated with the high ability of the nonhomologous end joining (NHEJ) system in filamentous fungi. Ninomiya et al. first demonstrated that inactivation of NHEJ highly enhances the homologous recombination in Neurospora crassa (Ninomiya et al., 2004) . After this, the disruptants of the genes, kuA, kuB, or ligD, that are involved in NHEJ, from various filamentous fungi including A. nidulans (Nayak et al., 2006) , A. oryzae, A. sojae (Takahashi et al., 2006) , A. niger (Meyer et al., 2007) , and A. luchuensis (Takahashi et al., 2011) were constructed. They showed highly efficient homologous recombination.
In the present paper, we constructed A. kawachii strains with the ability of highly efficient homologous recombination and with the auxotrophy to accomplish the genetic study of A. kawachii.
Since we have determined genome sequence of A. kawachii IFO4308 (Futagami et al., 2011) , the sequence information about the strain IFO4308 was used for design of PCR primers. A DNA cassette for disruption of the ligD was amplified by PCR using a plasmid pUC∆ligD (Takahashi et al., 2011) by a fusion PCR method (Kuwayama et al., 2002) . Protoplasts of A. kawachii were prepared as follows. A. kawachii IFO4308 was cultivated for 20 h at 30 C in a medium (0.1% Bacto-Tryptone, 0.5% yeast extract, 1% glucose, 0.1% NaNO 3 , 0.1% K 2 HPO 4 , 0.05% MgSO 4 7H 2 O, 0.001% FeSO 4 7H 2 O; pH 5.0) with shaking at 90 rpm, then the mycelia were harvested. The mycelia were treated with 1 mg/ml Yatalase (TaKaRa Bio) and 1 mg/ml cellulase R-10 (Yakult) in 0.6 M ammonium sulfate, 50 mM maleate buffer, pH 5.5 for 3 h. The protoplast cells formed were fractionated by filtration through a miracloth (Calbiochem). Transformation of A. kawachii IFO4308 was done using polyethylene glycol according to a method described by Gomi et al. (1992) . Transformants were selected on the minimal agar medium with appropriate chemicals (0.1 µg/ml pyrithiamine, 400 µg/ml hygromycin B, 6 mM uracil and 6 mM uridine, 0.2% arginine, and 0.1% 5-fluoroorotic acid).
Based on the genome information about A. kawachii, the ligD gene involved in NHEJ was found in A. kawachii as AKAW_10489. A. kawachii LigD shares 74% and 93% identities with LigD of A. oryzae and A. niger in BLASTP analysis. The ligD gene was disrupted in A. kawachii IFO 4308 using the ptrA gene as a selective marker. The ligD-disruption in the selected transformants showing resistance to pyrithiamine, was confirmed by PCR and Southern blotting (Fig. 1A C) . A. kawachii ligD-disruptant (IFO4308∆ligD) exhibited the phenotypes identical to those of the wt strain under the conditions grown on the minimal, Czapek-Dox, and YG (0.5% yeast extract, 1% glucose) agar media at 30 C, 37 C, and 42 C (data not shown). However, the strain showed hypersensitivity to methyl methanesulfonate (MMS) on the minimal medium as reported in the ligD, kuA, or kuB-disruptants of other Aspergillus species (Meyer et al., 2007; Nayak et al., 2006; Takahashi, Ta. et al., 2006; Takahashi, To. et al., 2011) (Fig.1D) . This result agrees with the fact that MMS induces double strand breaks in DNA and the DNA repairing system by the inactivity of NHEJ in ligD-disruptants.
Then disruption of the argB gene encoding ornithine carbamoyltransferase was also done in the strain IFO4308∆ligD to get arginine auxotroph using the hph gene as the selective marker. In this experiment, we determined the efficiency of homologous recombination in the strain IFO4308∆ligD using DNA cassettes carrying 5 -and 3 -untranslated regions (UTRs) of the argB gene in various lengths (Table 1) . Transformants were selected on the medium with 400 µg/ml hygromycin B. The introduction of the hph gene into the fungal genome was confirmed by PCR. When a DNA fragment with 1.5 kb UTRs of argB was used, 90% of transformants selected from the strain IFO4308∆ligD were disruptants of argB due to homologous recombination. The obtained argB-disruptants, named strains IFO4308L∆argB, showed arginine auxotrophy as expected ( Fig. 2A) . However, not all transformants de- rived from the wt strain were disruptants of the argB due to nonhomologous recombination. Thus strain IFO4308∆ligD exhibited the ability of highly efficient homologous recombination. When DNA fragments with 1.0 kb and 0.5 kb UTRs of argB were respectively used, efficiencies of homologous recombination were reduced in a size-dependent manner. When the latter DNA fragment was used with 0.5 kb UTRs, the number of transformants obtained was reduced to ca. 6%, as compared to the case using a more than 1.0 kb homologous region of UTRs. This result indicates that A. kawachii IFO4308 has weak ability of homologous recombination under short a homologous sequence, as compared to other Aspergilli (Meyer et al., 2007; Nayak et al., 2006; Takahashi, Ta. et al., 2006; Takahashi, To. et al., 2011) .
In order to construct the uracil-auxotroph of A. kawachii, the pyrG gene encoding orotidine monophosphate decarboxylase was disrupted in the strain IFO4308∆ligD by a DNA cassette carrying 1.5 kb 5 -and 3 -UTRs of the pyrG without a selective marker gene. The pyrG-disruptant of IFO4308∆ligD (IFO4308L∆pyrG) was selected positively in the presence of 5-fluoroorotic acid. The strain IFO4308L∆pyrG showed uracil and uridine auxotroph (Fig. 2B ). To confirm the availability of the auxotrophy, the resultant strain IFO4308L∆pyrG was transformed with a DNA cassette carrying the 2.0 kb A. nidulans pyrG gene surrounded by 1.5 kb 5 -and 3 -UTRs of ligD. Selected transformants with transformation efficiency of 0.3 cfu/µg DNA can grow on the minimal agar medium without uracil or uridine. The wt pyrG gene was tar- geted into the ligD locus in all transformants analyzed. Aspergillus kawachii IFO4308 is a commonly used strain for research into shochu-making and enzyme production without the technique of genetic engineering (Shoji et al., 2007) . In the present study, we successfully constructed various A. kawachii host strains with the ability of highly efficient homologous recombination. In addition to the genome information about A. kawachii, these strains are useful for development of genetic study concerning shochu making and industrial productions of proteins and organic acids.
